CONVERSION FACTORS, ABBREVIATED WATER-USE UNITS, AND ACRONYMS

Multiply
Water-use data during calendar year 1995 was compiled for the 78 municipios of the Commonwealth of Puerto Rico. Eight offstream water-use categories were considered during the study: public supply, wastewater treatment discharges, domestic, industrial, mining, thermoelectric power, livestock, and irrigation. Three instream water-use categories were considered: hydroelectric power, saline water used at thermoelectric power plants, and reservoir evaporation. Freshwater withdrawals for offstream use from surface-and ground-water sources in Puerto Rico were estimated to be 566 million gallons per day. The largest amount of freshwater withdrawn was 431 million gallons per day for public supply. Total discharge from public wastewater treatment facilities was reported as 185 million gallons per day. Fresh surface-and ground-water withdrawals for domestic and industrial self-supplied facilities were estimated to be about 19 million gallons per day. Mining activities, which in Puerto Rico are mostly limited to the production of sand and gravel, withdrew about 4.2 million gallons per day of freshwater. Livestock activities used 6.3 million gallons per day from surface-and ground-water sources to meet the water needs of the 12.1 million animals counted in the 1992 Census of Agriculture in Puerto Rico. Self-supplied ground-water withdrawals for thermoelectric facilities were estimated to be 2.2 million gallons per day. Freshwater withdrawals for irrigation purposes were estimated to be 103 million gallons per day, or approximately 18 percent of all offstream freshwater withdrawals. Instream freshwater withdrawals by hydroelectric facilities were 349 million gallons per day. Reservoir evaporation is considered to be a consumptive use associated with the storage of water. The evaporation from 15 reservoirs in Puerto Rico was estimated to average about 23,900 acre-feet from a total reservoir surface area of 6,900 acres. The largest amount of withdrawals was 2,260 million gallons per day of saline water (instream use) for thermoelectric power.
5. Present information and reports that will help in projecting the future water needs of Puerto Rico; 6. Identify water-use problems so that appropriate management solutions can be determined; and 7. Improve the collection, analysis, and dissemination of water-use information.
In order to meet the general objectives of the Water-Use Information Program and to maintain an adequate data base, the USGS maintains cooperative agreements with the Puerto Rico Aqueduct and Sewer Authority (PRASA), the Puerto Rico Department of Natural and Environmental Resources (PRDNER), and the Puerto Rico Environmental Quality Board (PREQB) to compile water-use data for major use categories of importance to water resources managers and planners in Puerto Rico.
A number of terms are used throughout the body of this report that may be unfamiliar to the reader. All such terms are highlighted in boldface type at their first usage in the text. Concise working definitions of these terms are supplied in a glossary at the back of the report.
Purpose and Scope
This report presents estimates of the amount of water withdrawn from surface-water and groundwater sources and used for offstream and instream uses in Puerto Rico during calendar year 1995. The eight categories of offstream water use include public supply, wastewater treatment discharges, domestic, industrial, mining, thermoelectric power, livestock, and irrigation. Three categories of instream water use include hydroelectric power generation, saline water use at thermoelectric power plants, and reservoir evaporation. The data were obtained from the PRASA, PRDNER, the Puerto Rico Department of Health (PRDOH), the Puerto Rico Electric and Power Authority (PREPA), the U.S. Bureau of the Census, and the U.S. Mine Safety and Health Administration (MSHA).
Discussion about the sources and methods used to compile the data parallels the presentation and discussion of water-use data by category. The data are compiled by municipio, which constitutes the basic political sub-division in Puerto Rico. All data are stored in a computerized storage-retrieval system, the Aggregate Water-Use Data System (AWUDS), which is administered by the USGS.
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SOURCES AND METHODS USED TO COMPILE WATER-USE DATA
Puerto Rico is divided into 78 municipios ( fig.  1 ). Water-use data for a number of categories were compiled for each municipio. The sources and the methods used to compile water-use data differ for each category and are described in the following sections.
Public-Supply Withdrawals and Deliveries to Domestic, Commercial, and Industrial Users
Public supply includes freshwater withdrawals and deliveries to domestic, commercial, and industrial water-use customers, and public uses such as water for firefighting, street washing, municipal parks, and swimming pools. The withdrawal data were obtained from annual reports prepared by the PRASA (Puerto Rico Aqueduct and Sewer Authority, 1994-95) . Public-supply deliveries to domestic, commercial, industrial and public uses were estimated developing a coefficient based on the increase of population per municipio from 1993 to 1995. The deliveries reported by the PRASA for 1993 were then multiplied by this coefficient to obtain the estimated deliveries for 1995. The public-supply deliveries to commercial facilities also include the water distributed by the PRASA to government facilities (such as schools, offices, public parks, and buildings).
The domestic use category also includes publicsupply facilities which are not operated by the PRASA, but serve more than 25 people or have a minimum of 15 connections and are known as non-PRASA systems. These data were supplied by the PRDOH (Puerto Rico Department of Health, 1995) .
The total population served by public-supply sources was estimated by extrapolating the PRASA data from 1993 to 1995. Also, a report prepared by PRDOH including the non-PRASA population was used to estimate the total population served from these systems (PRDOH, 1995) . The population served from surface-water public-supply sources was calculated by dividing surface-water withdrawals by total withdrawals, and then multiplying the quotient by the estimated total population served from a public-supply source (PRASA + non-PRASA population). The population served from ground-water public-supply sources was estimated by subtracting the population served by surface-water systems from the total population served from a public-supply source. To estimate the water used per day per person (per capita water use), the daily domestic water use was divided by the population using potable water. Daily water use was determined by dividing the total domestic water use by the number of days in a year.
Wastewater Treatment
The wastewater treatment category was included in this report because it contains information on the amount of water returned to the hydrologic system by public wastewater treatment facilities and the number of public facilities that treat wastewater. Wastewater treatment discharges from domestic, commercial, and industrial users served from publicsupply systems were obtained from annual reports prepared by the PRASA (Puerto Rico Aqueduct and Sewer Authority, 1995). These annual reports indicate the number of public wastewater treatment facilities and the volume of sewage treated by municipio.
Self-Supplied Domestic
Self-supplied domestic water withdrawals were estimated by multiplying the population not served by a public-supply system in each municipio by the per capita water-use estimate obtained for domestic users supplied from a public-supply source. The selfsupplied domestic population was determined by subtracting the public-supplied population, served by PRASA and non-PRASA systems, from the total population. The total populations of each municipio for 1995 was estimated using a population projection prepared by the Bureau of Census (U.S. Department of Commerce, 1995).
Self-Supplied Industrial and Mining
The annual self-supplied industrial surface-and ground-water withdrawal estimates were obtained from individual facilities (by personal visits, and telephone and mail surveys). The surveys provide information concerning the location of the systems and the amount of water withdrawn by each industrial facility. Also a listing of franchises provided by the Permits and Franchise Division of the PRDNER was used to estimate the ground-water withdrawals of some industrial facilities.
The 1995 fresh surface-and ground-water withdrawals used for mining purposes were obtained from the Permits and Franchises Division of the PRDNER and from a list of site locations provided by the MSHA. This list contains information about the active facilities operating in Puerto Rico during 1995.
Thermoelectric and Hydroelectric
Freshwater use from public supply for the Puerto Nuevo and Palo Seco thermoelectric power plants from self-supplied ground-water withdrawals at the Aguirre and Costa Sur plants, and instream saline water use (seawater withdrawals) was obtained from reports prepared by the PREPA. Most of the freshwater withdrawn by thermoelectric power plants is used for boiler feed, whereas saline water is used for cooling purposes.
The total annual amount of instream water use by hydroelectric power plants throughout Puerto Rico during 1995 was obtained from monthly power generation reports by the PREPA. The amount of water used for hydroelectric power was obtained from the amount of power generated by each facility on a monthly basis. The following equation was used to obtain monthly instream water use:
where P is the gross power generation, in kilowatt-hours;
F is a specific factor for each reservoir, given the relation between monthly energy production and instream water requirement, in acre-feet per kilowatt-hour; and N is the number of days in a month. Commerce, 1994) . The fresh surface-and ground-water withdrawals used for livestock watering purposes are presented in two subcategories: (1) the water associated with the production of red meat, poultry, eggs, and milk, called "stock" water use and (2) the "animal specialties" water use, which includes the water associated with the production of fur-bearing animals, horses, rabbits, and aquaculture (fish farms).
To estimate the total water use for livestock, the daily average watering requirements per animal (Kirk, 1982;  
Irrigation
Surface-water withdrawals for irrigation purposes were estimated using an inventory of the amount of water withdrawn from reservoirs owned by the PREPA. Ground-water withdrawals for irrigation purposes in the municipios of Guanica, Guayama, Guayanilla, Juana Diaz, Ponce, Salinas, and Santa Isabel were obtained from a vegetable crops application rate based on a water delivery rate of 242 gal/d/acre and an average daily application of 7.2 hours per day for 365 days per year.
Irrigation withdrawals at municipios of Guayama, Patillas, Quebradillas, Villalba, and Yauco were obtained from data reported by the PREPA. The data presented on the number of acres irrigated were obtained from the 1992 Census of Agriculture (U.S. Department of Commerce, 1994) .
Reservoir Evaporation
Evaporation of water from a reservoir is considered to be a consumptive use associated with the storage of water. It was calculated for the reservoirs in Puerto Rico that had capacity equal to or greater than 5,000 acre-ft when originally constructed. The annual water loss due to evaporation for reservoirs throughout Puerto Rico was calculated using the following equation:
where RE is the estimated reservoir evaporation during 1995, in thousands of acre-feet per year;
RA is the reservoir surface area at normal pool elevation, in thousands of acres;
PE is the class A annual pan evaporation, in feet; and K is a constant, equal to 0.7.
The surface area for each reservoir was obtained from the PREPA and PRDNER. Reservoir levels were assumed to be at the spillway elevation. Class A pan evaporation for each reservoir was based on the National Oceanic and Atmospheric Administration data sites located within the same climatic subdivision as the reservoir (U.S. Department of Commerce, 1995; table 3). 
Public-Supply Withdrawals and Deliveries to Domestic, Commercial, and Industrial Users
The 144 public-supply facilities operating in Puerto Rico were supplied from surface-water sources and 349 public-supply wells during 1995. Culebra is the only municipio that uses a seawater desalinization plant to obtain public-supplied water.
Freshwater withdrawals by public-supply facilities from surface-and ground-water sources totaled 431 Mgal/d during 1995. The largest publicsupply withdrawal was 89 Mgal/d from the Sergio Cuevas facility at Trujillo Alto (table 4, at end of report). This facility withdraws water from the Lago Loiza reservoir and provides water principally to the municipios of Trujillo Alto, Carolina, and San Juan, and augments the supply from other sources to the municipios of Guaynabo and Catano. Positive values resulting from the difference between withdrawals and deliveries within a municipio and listed under "unaccounted use" in table 5 may represent exports of public-water supply to adjacent municipios in addition to the reasons previously defined under unaccounted use. Negative values indicate importation of public-water supply from adjacent municipios to such an extent that public-supply deliveries to a municipio exceed its public-supply withdrawals.
Wastewater Treatment
Most public wastewater treatment facilities in Puerto Rico are located in the vicinity of the principal urban center in each municipio. Twelve regional wastewater treatment plants (RWWTP) operated islandwide during 1995. These plants were (1) the Puerto Nuevo RWWTP located in San Juan serving principally the municipios of San Juan, Catafio, and parts of Guaynabo; (2) the Carolina RWWTP located in Loiza serving Loiza, Carolina, Canovanas, and Trujillo Alto; (3) the Bayamon RWWTP located in Catafio serving Bayamon, parts of Guaynabo, and part of Catafio and Toa Baja; (4) the Arecibo RWWTP located in Arecibo serving Arecibo, (5) the Barceloneta RWWTP located in Barceloneta serving Barceloneta, Manati, and part of Vega Baja; (6) the Mayagiiez RWWTP located in Mayagiiez, serving the municipios of Mayagiiez, Hormigueros, and part of Cabo Rojo; (7) the Aguada RWWTP located in Aguada serving Aguada, Aguadilla, and Moca; (8) the Camuy RWWTP located in Camuy serving the municipios of Camuy and Hatillo; (9) the Ponce RWWTP located in Ponce serving Ponce; (10) the Cayey RWWTP located in Cidra serving the municipios of Cidra and Cayey; (11) the Guayama RWWTP located in Guayama and serving the municipios of Guayama, Salinas, and Arroyo; and (12) Humacao RWWTP located in Humacao serving the municipios of Humacao, Naguabo, and Las Piedras. The regional wastewater treatment plants only provide primary treatment to wastewater (except the Cayey RWWTP) and all discharge their effluent offshore.
Total discharge from 70 active public wastewater treatment facilities was reported as 185 Mgal/d in 1995. Public wastewater treatment facilities which discharge to streams in Puerto Rico provide secondary treatment. A summary of the amount of water released by public wastewater treatment plants and the number of operating facilities by municipio during 1995 are presented in table 6 (at end of report).
Self-Supplied Domestic
About 40 percent of the total offstream freshwater withdrawn in Puerto Rico was used for domestic purposes during 1995. The population served by self-supplied systems was estimated to be about 217,000 in 1995; withdrawals from selfsupplied systems totaled about 12 Mgal/d. The municipios of Vega Baja, Guaynabo, Las Piedras, and Toa Alta had the greater domestic self-supplied withdrawal during 1995 with 2, 1.4, 0.47, and 0.44 Mgal/d, respectively. Those municipios had an average per capita domestic water use from public supply of about 60 gal/d. Public-supply systems delivered 171 Mgal/d for domestic use to an estimated population of 3.5 million people (table 7, at end of report).
Self-Supplied Industrial and Mining
Ground-water self-supplied withdrawals by industrial users were estimated only for municipios at which withdrawals were equal to or greater than 1. (fig. 4) . The Guayama Irrigation District withdraws water from the Rio Guamani and Lago Patillas reservoir, and delivers it to agricultural lands in Patillas, Arroyo, Guayama, and Salinas. The Juana Diaz Irrigation District withdraws water from the Lago Guayabal reservoir and delivers it to agricultural lands in Juana Diaz and Santa Isabel. The Valle de Lajas Irrigation District withdraws water from the Lago Loco reservoir and delivers it to Cabo Rojo, Lajas, Guanica, and some sections of Yauco and Sabana Grande. The Isabela Irrigation District withdraws water from the Lago Guajataca reservoir, and delivers it to the municipios of Aguadilla, Isabela, and Moca. In addition to the pubic irrigation network operated by PREPA, there is an independent irrigation district at Ponce. Irrigation withdrawals in the Ponce Irrigation District area were estimated at about 6 Mgal/d during 1995. Ground-water withdrawals were estimated to be about 28 Mgal/d at the municipios of Guanica, Guayama, Guayanilla, Juana Diaz, Ponce, Salinas, and Santa Isabel. 
Reservoir Evaporation
The amount of water that evaporated from 15 reservoirs throughout Puerto Rico was estimated to be about 23,900 acre-ft from a total reservoir area of 6,900 acres. Lago Toa Vaca and Lago Guayabal, in Villalba, had the largest amount of evaporation, totaling 5,370 acre-ft from a total reservoir area of 1,170 acres (table 15, at end of report; fig. 4 ).
SUMMARY
Puerto Rico is divided into 78 municipios. Water-use data for 1995 were compiled for each municipio in Puerto Rico. The data were compiled for eight off stream water-use categories: public-supply, wastewater treatment discharges, domestic, industrial, mining, thermoelectric power, livestock, and irrigation. Three instream water-use categories were considered: hydroelectric power, saline water used at thermoelectric power plants, and reservoir evaporation. Surface water for irrigation use was withdrawn from the public irrigation district operated by the PREPA which consists of four major systems. An independent irrigation district at Ponce and several municipios also obtain their irrigation water from ground water systems. About 103 Mgal/d of surfaceand ground-water was withdrawn to irrigate 30,620 acres of land.
Reservoir evaporation is considered to be a consumptive use associated with the storage of water. The evaporation of water from 15 reservoirs in Puerto Rico totaled 23,900 acre-ft during 1995 from a total reservoir surface area of 6,900 acres.
GLOSSARY
Commercial water use:
Water for motels, hotels, restaurants, office buildings, other commercial facilities, and civilian and military institutions. The water is obtained from a public supply or is selfsupplied.
Consumptive use: That part of water withdrawn that is evaporated, transpired, incorporated into products or crops, consumed by humans or livestock, or otherwise removed from the immediate water environment.
Domestic water use:
Water for household purposes, such as drinking, food preparation, bathing, washing clothes and dishes, flushing toilets, and watering lawns and gardens. The water is obtained from a public supply or is self-supplied.
Freshwater: Water that contains less than 1,000 milligrams per liter (mg/L) of dissolved solids; generally, more than 500 mg/L of dissolved solids is undesirable for drinking and many industrial uses.
Ground water: Generally all subsurface water as distinct from surface water; specifically, that part of the subsurface water in the saturated zone, where the water is under pressure greater than atmospheric.
Hydroelectric power water use:
The use of water in generating electricity at power plants where the turbine generators are driven by falling water; an instream use.
Industrial water use:
The water used to manufacture products such as steel, chemical, and paper products. It includes water used in petroleum refining such as processing, washing, and cooling operations. This category includes self-supplied water and water purchased from a water supplier.
Instream water use:
Water use taking place within the stream channel for such purposes as hydroelectric power generation, navigation, water quality improvement, fish propagation, and recreation. In Puerto Rico instream water is mainly used in the generation of hydroelectric power.
Irrigation water use:
The application of water on lands to assist in the growing of crops and pastures or to maintain vegetative growth in recreational lands, such as parks and golf courses.
Livestock water use:
Water for stock watering, feed lots, dairy operations, fish farming, and other farm needs. Livestock as used here includes cattle, sheep, goats, hogs, and poultry. Also included are such animal specialities as horses, rabbits, bees, pets, furbearing animals in captivity, and fish in captivity.
Mining water use:
Water use for extraction of minerals occurring naturally including solids, such as coal and ores; liquids, such as crude petroleum; and gases, such as natural gas. Also includes uses associated with quarrying, well operations (dewatering), milling (crushing, screening, washing, floatation), and other preparations customarily completed at the mine site or as part of a mining activity. The main mining activity in Puerto Rico is the production of sand and gravel.
Municipio:
The minimum legal or jurisdictional unit in Puerto Rico as used by the U.S. Bureau of Census. It is more or less equivalent to a county in the United States.
Off stream water use: Water withdrawn or diverted from a ground-or surface-water source for use in public supply, industry, source for irrigation, livestock, thermoelectric power generation, and other activities.
Per capita water use:
The average amount of water used per person during a standard time period, generally per day.
Public-supply use:
Water withdrawn by public and private water suppliers and delivered to groups of users. Public suppliers provide water for a variety of uses, such as domestic, commercial, thermoelectric power, industrial, and public water use.
Public water use:
Water supplied from a public supply and used for such purposes as firefighting, street washing, and municipal parks and swimming pools.
Reservoir evaporation: Water loss by evaporation from man-made impoundments which have a normal capacity equal to or greater than 5,000 acre-feet. Normal capacity is defined as the total volume in a reservoir below the normal retention level, including dead storage but excluding flood-control and surcharge storage.
Saline water use:
Water that contains more than 1,000 milligrams per liter of dissolved solids.
Self-supplied water:
Water withdrawn from a surface-or ground water source by a user rather than being obtained from a public supply.
Sewage: Wastewater carried off by sewer and drains.
Surface water:
An open body of water, such as a stream or a lake.
Thermoelectric power water use:
The amount of water used in the production of electric power generated with fossil fuel. Fossil fuels include coal, oil, and natural gas. The water used is self-supplied or is delivered by a water supplier through a distribution system.
Wastewater treatment discharges:
Water that carries wastes from homes, businesses, and industries.
Withdrawal: Water removed from the ground or diverted from a surface-water source for use. .00
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